OBJECTIVE: To assess the relationship between consumption of dairy products and body mass index (BMI) in Tehranian adults. DESIGN: Cross-sectional study. SUBJECTS: A total of 462 healthy subjects (223 men and 239 women) aged over 16 y selected randomly from among participants of the Tehran Lipid and Glucose Study (TLGS). MEASUREMENTS: Dietary data were collected by means of a food frequency questionnaire for 1 y and two 24-h dietary recalls. Height and weight were measured and BMI was calculated. Physical activity was assessed by the Lipid Research Clinic (LRC) questionnaire. RESULTS: Consumption of dairy products was 3.771.0 and 2.971.2 servings per day in men and women, respectively. As the servings of dairy consumption increased per day, the proportion of normal-weight subjects rose and that of obese ones declined. As BMI increased, the proportion of subjects with lower consumption of dairy products increased, whereas that of those with higher consumption decreased. There was a significant inverse correlation between the servings of dairy consumption per day and BMI after controlling for the effect of age, physical activity, energy, carbohydrate, dietary fiber, protein and fat intake (r ¼ À0.38, Po0.05). After adjustment for potential confounding variables, men and women in the top quartile of dairy consumption had lower chances for being overweight (OR ¼ 0. The results suggest an inverse relationship between dairy consumption and BMI. It is recommended that further studies address this issue by focusing on the dairy components responsible for this effect.
Introduction
Today, obesity is a major health problem commonly faced by developed and developing countries alike. Several studies indicate that obese people are more susceptible to chronic noncommunicable disease than their normal-weight counterparts. [1] [2] [3] Hence, primary prevention of obesity could help prevent the rising trend of other chronic diseases such as hypertension and diabetes, and mitigate many related health costs. Diet has been implicated as a main contributing factor to obesity. Nutritional studies have demonstrated the role of high-fat diets in the development of obesity. 4 Other studies have, however, indicated the protective effect of high fruit and vegetable consumption. 5 Yet, the effects of dairy product consumption on obesity and obesity indices need to be better studied and elucidated. Most obese people avoid the consumption of dairy products because of misconceptions about the fattening effects these products may have, although some studies have reported their beneficial effects on body weight. Zemel et al, 6 by analyzing data from NHANES III, demonstrated a profound reduction in the odds of being in the highest quartile of adiposity associated with increases in calcium and dairy product intake. Summerbell et al 7 also, in a randomized controlled trial, suggested the weight-reducing effects of a milk-based diet compared to the control diet. This finding has also been demonstrated in children. 8 Other studies, however, have contradicted these findings and showed no significant effects of dairy consumption on body weight and composition. [9] [10] [11] We have observed that, in the first phase of the Tehran Lipid and Glucose Study (TLGS), the prevalence of obesity in men and women aged over 20 y was 14.4 and 29.5%, respectively. 12 Considering the very limited number of studies conducted on the subject of dairy consumption and body mass index (BMI), this study was undertaken to assess the relationship between dairy consumption and BMI in a group of urban Tehranians, participants in the TLGS.
Materials and methods
This cross-sectional study conducted within the framework of TLGS (design and goals published previously 13 ), which is a prospective study, aimed at determining the prevalence of noncommunicable disease risk factors, developing healthy lifestyles to curtail these risk factors and inhibiting the rising trend of chronic diseases in Tehran. Totally, 15 005 persons aged 3 y and over, under coverage of primary health care systems, were selected by the multi-stage cluster random sampling method. A subsidiary sample of 1474 subjects aged 3 y and over was randomly selected for dietary assessment. After excluding subjects who had unusually high or low dietary intake values (o800 and 48000 kcal/day for men; o600 and 46000 kcal/day for women 14 ), smokers, subjects suffering from chronic diseases (based on their verbal responses to the related questionnaire) or those on a weight-reduction diet, 462 healthy subjects (223 men and 239 women) aged over 16 y were enrolled in this study. The proposal of this study was approved by the Ethical Committee of Endocrine Research Center of the Shaheed Beheshti University of Medical Sciences and informed written consent was obtained from all subjects.
Data collection
Subjects were interviewed privately, face-to-face. Interviews were conducted by trained dietitians, using a pretested questionnaire. Initially, socio-demographic information was collected. Weight and height were then measured, while the subjects were minimally clothed and without shoes using digital scales and tape meters according to standard protocols. 15 All measurements were taken by the same person to eliminate subjective error. BMI was calculated as weight in kilograms divided by height in meters squared. Trained dietitians, who had at least 5 y of experience in the Nationwide Household Food Consumption Survey Project, 16 collected dietary data related to the past year using a food frequency questionnaire and 24-h dietary recalls for two nonconsecutive days. Although the subjects' food consumption was recorded in the questionnaire on a 1-y basis, subjects were asked to estimate their consumption of different food items on a daily (eg bread), weekly (eg rice, meat) or monthly (eg fish) basis. The subjects were asked to recall all foods and beverages consumed during the preceding 24-h. The first 24-h recall was completed at the subject's home on a weekday and the second at the TLGS Research Unit on a weekend day by the same interviewer. To assist the subjects to recall accurately, household utensils were used. The questionnaires were validated 12 y ago in the Nationwide Household Food Consumption Survey Project, which has been reported in Farsi. 17 We revalidated them with 10 families before this study was begun (unpublished data). Portion sizes of consumed foods were converted to grams using household measures. 18 Each food and beverage was then coded according to the prescribed protocol and analyses for content of energy and the other nutrients using Nutritionist III software program designed for Iranian foods. Dairy products were defined according to the US Food Guide Pyramid. 19 The amounts of yogurt, milk and cheese that count as a serving were considered as 8 ounces, one cup and 1.5 ounces, respectively.
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Data on physical activity, which have been reported earlier, 21 were obtained using the Lipid Research Clinic (LRC) questionnaire. This questionnaire is a simple and comprehensible measure including four questions; no special education is needed to complete this questionnaire. Subjects were classified as having low, moderate and high levels of physical activity based on their oral responses to the questionnaire.
Statistical methods
Cut-points for quartiles of dairy consumption were calculated and subjects were categorized based on quartile cutpoints. These cut-points were the same for men and women: first, o1.6 servings/day; second, 1.6-o2.2 servings/day; third, 2.2-o3 servings/day; fourth, Z3 servings/day. Quantitative variables were compared using the Student t-test and one-way analysis of variance (ANOVA) with the Bonferroni correction. We determined age-and energy-adjusted means for dietary variables across quartile categories of dairy consumption by using GLM. Analysis of covariance (ANCO-VA) with the correction of Bonferroni was used to compare these means. BMIs in various dairy consumption categories were compared by ANCOVA after controlling for the effect of age, physical activity, energy intake, carbohydrate, dietary fiber, fat and protein intake. We had no individuals with BMIo18.5 kg/m 2 ; therefore, subjects were divided into three categories based on their BMI: normal-weight (BMIo25 kg/m , and the variables were tested. w 2 test was used to detect any significant differences in the distribution of subjects across quartile categories of dairy consumption. Correlation of dairy consumption to body weight and BMI was determined using partial correlation that was controlled for age, physical activity, energy intake, carbohydrate intake, dietary fiber, fat and protein intake. To determine the association of dairy consumption with BMI, we used multivariate logistic regression models controlled for age (y), energy intake (kcal/day), carbohydrate intake (g/ day), fat intake (g/day), protein intake (g/day), dietary fiber intake (g/day) and physical activity level (light, moderate or heavy). In all multivariate models, the first quartile of dairy ). Higher intakes of energy, carbohydrate, protein, fat and calcium were seen in men than women (Po0.01 for all). There was no significant difference between men and women with regard to dairy consumption (Table 1) .
Mean dietary intake data and distribution of subjects with different levels of physical activity across quartile categories of dairy consumption have been shown in Table 2 . After controlling for age, there was no significant difference in energy intake across quartile categories of dairy consumption. Intake of saturated fatty acid did not increase with consumption of dairy products. There was, also, no significant difference for other dietary data, except for dietary calcium intake, across quartile categories of dairy consumption after controlling for age and energy intake. Dietary calcium intake increased with dairy consumption, such that men and women in the top quartile of dairy consumption had 214 and 161 mg/day higher calcium intakes compared to those in the lowest quartiles, respectively. In all categories of dairy consumption, most subjects had light physical activity, both among men and women, except for the third quartile of dairy consumption for women, in which moderate physical activity was more usual.
Mean and standard errors of BMI across quartile categories of dairy consumption are presented in Figure 1 . After adjusting for the effect of age, physical activity, energy intake, carbohydrate intake, dietary fiber, fat and protein intake, subjects in the top quartile of dairy consumption had lower BMI than subjects in the first and second quartiles Distribution of subjects in various dairy consumption categories based on their BMI is indicated in Figure 2 . Among individuals at the first quartile of dairy consumption, the proportion of subjects with BMIo25 kg/m 2 was lower than those with BMIZ30 kg/m 2 (men: 17 vs 40%, Po0.05 and women 17 vs 47%, Po0.05). In contrast, among subjects in Dairy and BMI P Mirmiran et al the top quartile of dairy consumption, the proportion of individuals with BMIo25 was higher than those with BMIZ30 (men 56 vs 15%, Po0.05 and women 49 vs 26%, Po0.05). As the servings of dairy consumption per day increased, the proportion of normal-weight subjects rose and that of obese ones declined. There was a significant inverse correlation between the servings of dairy consumption per day and BMI after controlling for the effect of age, physical activity, energy intake, carbohydrate intake, dietary fiber, protein and fat intake (r ¼ À0.38, Po0.05). Figure 3 shows the mean and standard deviation of servings of dairy consumption per day in various BMI categories. Subjects with BMIo25 kg/m 2 had significantly higher consumption of dairy products per day than other groups (4.370.8 vs 2.970.6 for overweight and 2.570.7 servings/day for obese men, Po0.01 and 4.070.9 vs 2.670.5 for overweight and 2.070.8 servings/day for obese women, Po0.01). Normal subjects had higher intake of calcium than the obese in both genders (8937135 vs 6127126 mg/day in men, Po0.01 and 7757129 vs 4987132 mg/day in women, Po0.01). Multivariate-adjusted odds ratios for BMI across quartile categories of dairy consumption are shown in Table 3 . After adjustment for potential confounding variables, men and women at the top quartile of dairy consumption had lower chances for being overweight (OR ¼ 0.78, 95% CI ¼ 0.43-0.92 for men and OR ¼ 0.89, 95% CI ¼ 0.53-0.95 for women) and Figure 1 Mean and standard errors of BMI across quartile categories of dairy consumption. Ranges of quartile categories: first quartile, o1.6 servings/day; second quartile, 1.6-o2.2 servings/day; third quartile, 2.2-o3 servings/day; fourth quartile, Z3 servings/day. *Denotes Po0.01, compared to the first and second quartiles by ANCOVA, Bonferroni test. After controlling for confounding variables, subjects at the top quartile of dairy consumption had lower BMI compared to those at the first and second quartiles. based on their BMI. Ranges of quartile categories: first quartile, o1.6 servings/ day; second quartile, 1.6-o2.2 servings/day; third quartile, 2.2-o3 servings/ day; fourth quartile, Z3 servings/day. The proportion of subjects with BMIo25 kg/m 2 was lower than those with BMIZ30 kg/m 2 among individuals at the first quartile of dairy consumption (men: 17 vs 40%, Po0.05 and women: 17 vs 47%, Po0.05). As the servings of dairy consumption per day increased, the proportion of normal-weight subjects rose and that of obese ones declined. 
Discussion
The present study, conducted in a group of urban inhabitants of Tehran, showed an inverse relationship between dairy consumption and BMI. This finding is in agreement with other reports, which have suggested that dairy-rich diets not only reduce the risk of osteoporosis and hypertension, but also contribute to the prevention and treatment of obesity. Summerbell et al, 7 in a randomized controlled trial, suggested increased weight reduction with a milk-based diet in comparison with an isocaloric balanced diet. Zemel et al, 6 by analyzing data from NHANES III, showed that high dairy consumption was associated with lower rates of obesity and adiposity. 6 Barr et al, 22 in a controlled trial on 55-85-y-old subjects, studied the effect of milk consumption on body weight. Considering the higher energy intake of the milkconsuming group in their study, this group gained 0.6 kg more weight than the control group. However, it was reported that the weight gain was less than predicted, which suggests the protective effect of milk consumption against weight increase. The findings of Garrow et al, 23 also, support this hypothesis. An inverse relationship between adiposity and dairy consumption, also, has been reported in lower age groups, as by Carruth and Skinner 8 in a study conducted on preschool children, which suggested that consumption of dairy products was inversely related to the amount of body fat. In contrast to our findings, some studies suggest that supplementation with dairy products or calcium either does not change body weight or the resultant changes are insignificant as compared to controls. [7] [8] [9] 24 The aim of most of these studies was the evaluation of the effect of calcium or dairy product consumption on bone mineral density (BMD), and body weight was an accessory variable. These studies may underestimate the effect of dairy products on body weight. If dairy products failed to affect body weight in these studies, this could, also, be attributed to the lack of control of the effect of confounding variables such as energy intake 9 or physical activity. 24 On the other hand, some of these studies were conducted on adolescents, adolescence being a period of life associated with growth and development, when it is difficult to observe the effect of dairy products on body weight or BMI. The mechanism by which milk consumption affects obesity indices is not accurately known. Most published studies cite calcium as a responsible factor, so that an inverse relationship has been suggested between calcium intake and body weight and body fat in animal 6, 25 and human studies. 6, 26, 27 Calcium intake could affect body weight and body fat mass in various ways. Its simplest effect is the inhibition of fat and fatty acid absorption. 28 The weight-reducing effect of dairy products may not be due to their calcium content, and other substances play a role in this context. This hypothesis is supported by the study of Lin et al. 32 They reported the weight-reducing effect only for dairy calcium, and after adjusting for the energy nondairy calcium failed to explain variations in body composition. On the other hand, dairy-rich diets reduced weight more than calcium-rich ones. Therefore, other factors, in addition to its calcium contents, may play a role in the antiobesity effect of milk. Awad et al 33 indicated that fatty acid composition of the diet could not affect body weight and lipid metabolism indicators. They claim it is unlikely that this effect is caused by milk fatty acid composition. However, some studies demonstrated the effect of trans-fatty acids 34, 35 and conjugated linolenic acid 33,36 on lowering body weight and fat accumulation in adipocytes. Another factor in milk that could be responsible for its antiobesity effect is its protein content. Although some studies recently reported that protein intake is conducive to obesity, 37 milk proteins have an angiotensin-converting enzyme-inhibitory effect. 38, 39 On the other hand, it is suggested that inhibition of the renin-angiotensin system in adipocytes can cause weight reduction. 40 Therefore, some of the weight-reducing effects of dairy products could be mediated by its proteins. Bioactive components of milk may account for its effect. Our data imply an inverse relationship between dairy consumption and BMI. This does not mean that increased dairy consumption reduces BMI in a causal manner. On the other hand, it must be kept in mind that, in the present study, while we did not separate high-fat and low-fat dairy Dairy and BMI P Mirmiran et al products, we did control the effect of fat intake in our data. Although other investigators showed a favorable association of both low-fat and high-fat dairy products with overweight and obesity, 14 further studies should confirm this finding prior to its implementation in communities.
There are several limitations that should be considered when examining the results of this study. The primary difficulty with the study is using a cross-sectional design to find the association of dairy consumption with BMI. It must, however, be kept in mind that appropriate analysis of crosssectional data represents a valuable initial step in identifying the relationships between diet and disease. Moreover, prospective cohort studies and clinical trials have their own weaknesses. Obesity is a heterogeneous and multifactorial disease, and, besides dietary factors, other variables such as hereditary factors and metabolic conditions must be considered.
Given the aforementioned limitations, we have found evidence indicating an inverse relationship between dairy consumption and BMI. It is suggested that future studies assess this issue further by addressing those components of dairy products and related mechanisms of action responsible for this effect.
